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Caesalpinia sappan L. (CS) is a plant of Leguminosae family, commonly known as
Brazil or Sappan wood. CS is distributed in Southeast Asia and its dried heartwood has
been used as traditional ingredient of food or beverages and has a wide variety of me-
dicinal properties. Higher extraction yield of CS wood was achieved with 95% ethanol for
2 h. Chemical constituent's investigation of sappan wood resulted in the isolation of
various structural types of phenolic components including one xanthone, one coumarin,
three chalcones, two ﬂavones three homoisoﬂavonoids and brazilin. Brazilin [(6a S-cis)-7,
11b-dihydrobenz[b]indeno[1,2-d]pyran-3,6a,9,10(6H)- tetrol], a major and active com-
pound found in CS heartwood. Most of the folkloric uses of brazilin were validated by the
scientiﬁc studies such as antioxidant, antibacterial, anti-inﬂammatory, anti-photoaging,
hypoglycemic, vasorelaxant, hepatoprotective and anti-acne activity. CS heartwood
extract is safe and did not produce any acute or subacute toxicity in both male and female
rats. Brazilin is the safe natural compound having potential to develop as a medicinal
compound with application in food, beverage, cosmetics and pharmaceutical industries to
screen its clinical use in modern medicine. The information gained could provide the
important and potential approach for pharmaceutical researcher to implicate the knowl-
edge of brazilin in the formulation of new drug and to reveal therapeutic and gaps
requiring future research opportunities. More studies are needed to evaluate the potential
application of brazilin as preservative and coloring agent in food processing industries.1. Introduction
Caesalpinia sappan L. is a plant of Leguminosae family,
commonly known as Brazil or Sappan wood (Figure 1). C.
sappan (CS) is distributed in Southeast Asia and its dried
heartwood has been used as traditional ingredient of food or
beverages [1]. The heartwood of the plant is commonly used for
the extraction of red dye. The heartwood of CS has long been
used in Thai folk medicine to treat tuberculosis, diarrhea,
dysentery, skin infections and anemia [2]. Chemical
constituent's investigation of sappan wood resulted in theisolation of various structural types of phenolic components
including xanthone, coumarin, chalcones, ﬂavones,
homoisoﬂavonoids, and brazilin etc (Figure 2). Brazilin is the
major compound naturally occurring in the CS heartwood and is
used as a red dye for histological staining [3]. In traditional
Chinese medicine, brazilin is used for treatment of increased
blood circulation, promotes menstruation and exhibit analgesic
and anti-inﬂammatory potentials [4]. Brazilin have been
reported to possess various biological activities including
antibacterial [5], anti-inﬂammatory [6], anti-photoaging [7],
hypoglycemic [8,9], vasorelaxant [10,11], anti-allergic [12], anti-
acne [13,14], antioxidant [15] and nuclease activity [16].
Researchers are more interested in ﬁnding bioactive com-
pounds from natural origin as drugs, owing to either high cost of
synthetic drug or side effects of the synthetic molecules.
Therefore, there is a continuous evaluation of plant resources foropen access article under the CC BY-NC-ND
Figure 1. Photograph of Caesalpinia sappan plant with insight showing
fruit, ﬂower, wood and heartwood.
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Brazilin is one of the most important bioactive natural com-
pounds from CS heartwood having wide variety of industrial
application including textile, food, beverage and pharmaceutical
area. Since proven medicinal properties and used as dying agent,
the wood has received both domestic and international market
and being exported to USA and Europe from Southeast Asia [17].
Recently, CS heartwood has been listed in the 15th edition of the
Japanese Pharmacopoeia [18]. In this review, we focus mainly on
the different pharmacological activities of brazilin. Isolation
techniques and structure of brazilin were also discussed. The
information gained could provide the important and potential
approach for pharmaceutical researcher to implicate the
knowledge of brazilin in the formulation of new drug.
2. Caesalpinia sappan heartwood
The important part of CS is the heartwood which is pale red,
hard, heavy with even and ﬁne structure. The heartwood is
traditionally used in Indian Ayurveda and Chinese folk medi-
cine. In Thailand, it is mostly used as coloring agent in beverage,
food, garment and cosmetics [19]. A decoction of heartwood is
used in Namya-utai solution which has anti-thirst and cardio-
tonic properties. In Northern Thailand, especially in Chiang Mai,
Nan and Lampang province, CS heartwood decoction is used as
anti-inﬂammatory agent for the treatment of traumatic disease
and arthritis [20]. The Northern Thai community has a long
history of using decoction of CS heartwood for local
consumption including health promotion and disease
treatment. In Ayurveda, the heartwood is used for vitiated
conditions of pitta which includes skin rashes, burning
sensations, peptic ulcers, excessive body heat, heartburn and
indigestion. It also used as blood puriﬁer and in treatment of
wounds, diarrhea, epilepsy, diabetes etc. CS heartwood is also
used to reduce pain and swelling caused by external injuries
and improvement of complexion [21]. In Chinese folk
medicine, it is mainly used as an emmenagogue, hemostatic,
analgesic and anti-inﬂammatory for the traumatic disease and
blood ﬂow promoting agent [22]. Additionally, decoction of
CS heartwood is used for the treatment of blood pressure,
burning sensations, cancer, cataract, digestion, dysmenorrhea,ear diseases, gonorrhea, heart diseases, jaundice, nervous
disorders, obesity, ophthalmic diseases, spermatorrhoea,
stomach aches, syphilis, urinary diseases and vascular diseases.
3. Brazilin
The heartwood contains water soluble ﬂavonoids namely,
brazilin, protosappanin and haematoxylin. Brazilin is the main
homoisoﬂavonoid constituent found in the CS heartwood, which
is well known as the natural red color dye for staining [3,16].
Brazilin also exhibit different industrial applications.
Therefore, extraction and puriﬁcation of brazilin is one of the
important steps to achieve high extraction yield and purity,
respectively.
4. Extraction and puriﬁcation of brazilin
Extraction of phenolic compounds in plant materials is
inﬂuenced by their chemical nature, the extraction method
employed, sample particle size, storage time and conditions as
well as the presence of interfering substances [23]. Therefore,
extracts of plant materials are always mixture of different
classes of phenolics that are soluble in the solvent system
used. Solubility of phenolic compounds is governed by the
type of solvent (polarity) used, degree of polymerization of
phenolics, as well as interaction of phenolics with other food
constituents and formation of insoluble complexes [24].
Therefore, there is no uniform or completely satisfactory
procedure that is suitable for extraction of all phenolics or a
speciﬁc class of phenolic substances in plant materials [25].
Methanol, ethanol, acetone, water, ethyl acetate and to a lesser
extent propanol, dimethyl formamide and their combinations
are frequently used for the extraction of phenolics. In some
cases, mechanical means to enhance molecular interaction
between the phenolic compounds and solvent are employed.
Shaking, stirring, vortex mixing and sonication are four
commonly used extraction techniques.
Traditional method for the extraction of red dye from sappan
wood used boiling of wood pieces in water. During extraction
few paddy grains are thrown into boiling solution to check the
completion of red dye extraction. If the husk scales off,
extraction is considered sufﬁcient. In general, laboratory
extraction from CS was carried out by using mainly ethanol
(EtOH), methanol (MeOH) and water (H2O) as solvents. Dried
heartwood of sappan was extracted with MeOH for three days at
room temperature [26]. The MeOH extract was concentrated and
partitioned with H2O–MeOH (3:1, 200 mL) and EtOAc
(100 × 3). The EtOAc extract was concentrated and applied to
silica gel column, eluted with CHCl3–MeOH (15:1 to 5:1).
The brazilin containing fraction was collected and loaded on
sephadex LH-20 eluted with MeOH–H2O (9:1) Brazilin was
recrystallized from MeOH–H2O [26]. CS heartwood powder
(700 g) was extracted with methanol (2 L × 3, 1 h each) at
75 C and extract was further concentrated to yield 60 g
orange yellowish residue. The methanolic extract was
dissolved in water and partitioned with hexane and ether. The
ether fraction was further separated on silica gel column with
CHCl3–Me2CO gradient system. Brazilin was puriﬁed to
homogeneity with the help of preparative TLC [11]. Xu and
Lee [5] extracted sappan heartwood powder with methanol by
using reﬂux method. The methanol extract was dissolved in
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fraction showed highest antibacterial activity was further
subjected to silica gel chromatography and active compound
was eluted with chloroform containing 10% methanol. The
active compound was puriﬁed to homogeneity by preparative
thin layer chromatography using chloroform: methanol
(8.5:1.5) solvent system and identiﬁed as brazilin by 1H NMR
spectra [5].
Sappan wood was extracted with 95% ethanol for 2 h and
extraction was repeated for three times [27]. The ethanol extract
was dissolved in water and partitioned with petroleum ether,
ethyl acetate and n-butanol. Brazilin was eluted with repeated
silica gel (CHCl3–MeOH 10:1–1:1, v/v) and sphadex LH-20
(MeOH) chromatography from ethyl acetate fraction. Batubara
et al. macerated CS heartwood (500 g) powder in 5 L of MeOH
for 12 h [14]. This process was repeated twice and extract was
concentrated by using rotary evaporator. Crude extract (10 g)
was separated on silica gel column and eluted with hexane,
ethyl acetate and methanol. Brazilin was puriﬁed from ethyl
acetate fraction by preparative HPLC using gradient solvent
system from 5% to 100% methanol in 0.05% triﬂuoroacetic
acid at ﬂow rate of 10 mL/min for 45 min. Nirmal and
Panichayupakarant successively extracted CS powder (500 g)
with 95% ethanol (3L × 3), under reﬂux conditions for 1 h, to
obtain a dark brown extract (58.5 g) [13]. Further, CS extract
was subjected to isolation of the anti Propionibacterium acnes
(P. acnes) compound using antibacterial assay guided
isolation. The CS extract (10 g) was fractionation on a silica
gel column (7 cm × 24 cm) (1 g extract per 50 g silica gel)
and eluted with a mixture of hexane and ethyl acetate (6:4, v/
v) to give 13 pooled fractions (Fraction 1–13). The fractions
were then subjected to antibacterial assay. The antibacterial
fractions (Fractions 5 and 6) were pooled together and further
puriﬁed using a Sephadex LH-20 column (3 cm × 80 cm) us-
ing methanol as eluent to give seven pooled fractions (fractions
A-G). Fraction E with antibacterial activity was re-
chromatographed on a silica gel column (3 cm × 25 cm) and
eluted with a mixture of hexane and ethyl acetate (7:3, v/v) to
obtain the red crystals of brazilin (640 mg), which was identiﬁed
by NMR analysis. In general, ethanol and methanol solvent was
extensively used for extraction of CS heartwood powder. The
extract was later on partitioned with different solvents to accu-
mulate the desire compound. Brazilin was generally partitioned
with ether or ethyl acetate.
5. Chemical structure of brazilin
Brazilin [(6a S-cis)-7, 11b-dihydrobenz[b]indeno[1,2-d]py-
ran-3,6a,9,10(6H)-tetrol] (Figure 2) was isolated as red crystal
[13] or amber yellow crystal [14]. Brazilin exhibit a melting point
of 145 C–149 C. The EI mass spectrum of brazilin showed a
molecular weight at m/z 286 corresponding to C16H14O5. The
optical speciﬁc rotation value of brazilin was [a]20 D + 118.8
(c = 1.9, MeOH). The UV–visible spectrum showed maximum
absorption at 292 nm. The 1H NMR (500 MHz, CD3OD) and
13C NMR (150 MHz, CD3OD) spectra of brazilin were shown
in Table 1 [13]. A signal at 144.3 ppm in 13C spectrum,
assigned to C9 atom bonded to a hydroxyl group. The proton
spectrum of brazilin with a group of aromatic signals at the
range between 7.15 and 6.50 ppm, and that of carbinolic
protons at 4.12 and 4.39 ppm [28]. Brazilin shows electronictransition in blue shifted region due to the sp3 carbon atom at
C9 which does not have planarity in this part of the molecule.
Vibrational wave numbers of brazilin together with tentative
assignment is shown in Table 2 [28]. Brazilin does not show
vibrational band at 1 365 cm−1 because of the absence of the
C]O bond.
6. Pharmacological activities of brazilin
CS heartwood extracts have been known for various bio-
logical activities and being tested for unscreened disease.
Pharmacological activities of CS extracts reﬂect the combination
effects of different phenolic contents. Here, we have discussed
the important biological activities of brazilin (Table 3), which is
the major phenolic compound in CS extract.
6.1. Antioxidant activity
The antioxidant activity of compound have been attributed to
various mechanism including prevention of chain initiation,
binding of transition metal ion catalyst, decomposition of per-
oxides, scavenging of free radicals and prevention of hydrogen
abstraction [29]. The structure of phenolic compounds is a key
determinant of their radical scavenging and metal chelating
activity, which is referred as Structure-Activity Relationships
(SAR) [30]. The chemical activity of phenols in terms of their
reducing properties as hydrogen or electron donating agents
predicts their potential for action as antioxidants [31].
Reductones are also reported to react with certain precursor of
peroxide, thus preventing peroxide formation.
Brazilin showed highest DPPH radical scavenging activity
(IC50 = 57.2 mM) and ferric reduction activity as compared to
standard vitamin E and other compound isolate from sappan
lignum (Tokyo, Japan) including brazilein, sappanchalcone,
protosappanin B and C [15]. The strong reducing power of
brazilin was owing to the presence of an ortho-substituted
diphenol group. Brazilin also showed dose dependent inhibi-
tion of peroxide formation in linoleic acid emulsion during in-
cubation at 50 C for 250 h. Brazilin, isolated from CS
heartwood from Indonesia (IC50 = 8.8 mM) showed near about
similar DPPH radical scavenging activity as compared to stan-
dard (+) catechin (IC50 = 10.2 mM) [14]. Brazilin showed IC50
value of 28.8 mg as determined by ABTS radical scavenging
activity [19]. Dibenzoxocin structure of brazilin was effective
for radical scavenging activity [15].
6.2. Antibacterial activity
A bacterial infection to the living organism is the major
concern of research from decades. Bacteria can be found
everywhere including soil, water and air. Most of the bacteria in
nature are pathogenic and can create serious threat to human
being. Antibiotics are available commercially to combat with
pathogenic bacteria. However, the emergence of bacterial path-
ogens those are resistant to major classes of antibiotic has
created a need of novel antibacterial agents. CS extract have
been tested against different microorganism for its potential
antimicrobial activity. The maximum zone of inhibition was
observed in ethanolic extract against Pseudomonas aeruginosa
(34 mm) followed by Staphylococcus aureus (31 mm), Salmo-
nella typhi (24 mm), Enterobacter aerogens (21 mm), Candida
Figure 2. Chemical structure of different compounds isolated from CS heartwood.
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Table 1
1H (500 MHz) and 13C NMR (150 MHz) data of brazilin in CD3OD13.
Position Brazilin
dC type dH (J in Hz)
1 132.2, CH 7.18, d (8.2)
1a 115.5, C
2 109.9, CH 6.46, dd (8.2, 2.5)
3 155.7, C
4 104.2, CH 6.28, d (2.5)
4a 157.8, C
6 70.8, CH2 3.68, d (11.5)
3.91, d (11.5)
6a 78.0, C
7 42.9, CH2 2.76, d (15.8)
3.01, d (15.4)
7a 131.3, C
8 112.8, CH 6.70, s
9 145.6, C
10 145.3, C
11 112.4, CH 6.58, s
11a 137.4, C
12 51.1, CH 3.95, s
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of inhibition was observed against Aspergillus niger (14 mm)
[32]. Methanol extract of CS heartwood extract showed higher
inhibitory activity against methicillin sensitive Staphylococcus
aureus (MSSA) as well as methicillin resistant Staphylococcus
aureus (MRSA) (14 mm) than n-butanol, chloroform and
aqueous extracts (8 mm) [33]. Flavonoids in the methanolic
extracts of CS could be related with the antibacterial activity
against MRSA.
Batubara et al. reported that methanol and 50% ethanol
extract of CS heartwood showed lower MIC/MBC value against
P. acnes in comparison with other 39 medicinal plants from
Indonesia [13]. In further study of isolation and identiﬁcation of
active compound from CS heartwood against P. acnes, Batubara
et al. found that brazilin (MIC/MBC = 0.5 mg/mL) showed
better antibacterial activity than protosappanin A and
sappanone B [14]. Recently, the active antibacterial principle in
CS heartwood was isolated and identiﬁed to be brazilin (MIC/
MBC = 15.6/31.3 mg/mL) by using anti-P. acnes guided
puriﬁcation [13]. The variation in MIC value of brazilin against
P. acnes could be related with bacterial strain and source of
brazilin. Brazilin showed potent activity against antibiotic
resistant bacteria including MRSA, vancomycin-resistant
enterococci (VRE) and multi-drug resistant Burkholderia
cepacia (Table 4) [5]. Brazilin showed bactericidal activity
against MRSA by inhibiting DNA and protein synthesis.
Brazilin also showed strong inhibitory activity against bacteria
responsible for dental caries (Streptococcus mutans),
periodontal disease (Prevotella intermedia) and bacteria
causing strep throat (Group A strep). However, brazilin found
to be less effective against gram-negative bacteria such as
Pseudomonas aeruginosa, Klebseilla pneumonia, Escherichia
coli and Enterobacter aerogenes [5]. This compound is active
against a number of medically important bacteria and it has
the potential to be developed into an antibiotic.
6.3. Antiacne activity
In screening experiments for antiacne activity, methanolic and
50% ethanolic extracts of CS wood showed the most potent ac-
tivity out of 28 species of plants extracts. These extracts showedinhibition of P. acnes growth, lipase inhibitory activity, and
antioxidant activity. In order to isolate the active compound from
CS separation of the extract components was performed by col-
umn chromatography and preparative high-performance liquid
chromatography. Brazilin, protosappanin A and sappanone B
have been isolated from methanolic extracts. Brazilin showed
better antibacterial activity [minimum inhibitory concentration
(MIC) = minimum bactericidal concentration (MBC) = 0.50 mg/
mL] than protosappanin A (MIC = MBC = 1.00 mg/mL) and
sappanone B (MIC = MBC > 2.00 mg/mL). The 50% inhibitory
concentration (IC50) for lipase inhibition was lowest for brazilin
(6 mM), which showed strong inhibition compared with proto-
sappanin A (100 mM) and chloramphenicol (677 mM, positive
control). The antioxidant activity of brazilin (IC50 8.8mM)was not
signiﬁcantly different from protosappanin A (9.1 mM) and
(+)-catechin (10.2 mM). The antioxidant activity of brazilin and
protosappanin A were higher than sappanone B (IC50 14.5 mM).
Brazilin is considered to have sufﬁciently potent activity for use as
an antiacne agent [34].
6.4. Anti-inﬂammatory activity
Inﬂammation is a protective pathophysiological response to
tissue injury caused by physical trauma, hazardous chemicals or
microbial agents characterized by heat, redness, pain, swelling and
disturbed functions. Inﬂammation is a complex process and many
different mediators are involved including enzymes (cyclo-
oxygenase, nitric oxide synthase, and protease) and their inter-
mediate products and end products. Cyclooxygenase enzymes
(COX-1/COX-2) convert arachidonic acid to the unstable prosta-
glandin intermediates PGG2 and PGH2, which involve in inﬂam-
mation [35]. Nitric oxide (NO) a toxic gas has been related with
various diseases such as atherosclerosis, inﬂammation and
carcinogenesis. NO can be formed abnormally by an activation
of bacterial lipo poly saccharide (LPS) in some cell types such as
macrophages [36]. NO is synthesized by an enzyme nitric oxide
synthases (NOS), which has 3 different isoforms including
endothelial (eNOS), neuronal (nNOS), and inducible (iNOS).
Among them, iNOS is the main reason for the NO production at
an inﬂammatory site [3]. Nuclear factor kappa B (NF-kB) is the
most important transcription factor in inﬂammatory diseases,
activated by LPS. When NF-kB is activated, it induces the
expression of iNOS as well as synthesis of many pro-
inﬂammatory cytokines, such as TNF-a, IL-6, IL-1b and IL-8
[37]. Protein denaturation is one of the causes of inﬂammations
where production of auto-antigens occurs in certain inﬂammatory
diseases like typeⅢ hypersensitive reaction [38].
The inﬂammatory response must be terminated when no
longer needed to prevent unnecessary damage to tissues and
chronic inﬂammation. Most of the researcher studied anti-in-
ﬂammatory activity of brazilin by targeting inhibition of NO
production and iNOS suppression. Brazilin showed signiﬁcantly
100% inhibition of lipo poly saccharide (LPS)-induced NO
production by J774.1 cell line at 30–100 mM and murine peri-
toneal macrophages at 10 mM as compared to standard L-
NMMA (a nitric oxide synthase inhibitor, 44.3% inhibition at
100 mM) and other compound isolate from sappan lignum
(Tokyo, Japan) including protosappanin A, B and C [15].
Brazilin completely suppress inducible nitric oxide synthase
(iNOS) gene expression at 100 mM. Hu et al. reported that
brazilin (10–300 mM) induces hemeoxygenase-1 (HO-1)
expression and increased bilirubin production in RAW264.7
Table 2
Raman wave number values (in cm−1, excited at 1 064 nm) and band
assignment of brazilin.
Brazilin Tentative assignment
252 vw Ring deformation
423 vw d(ring) + d(CO)
473 vw d(ring)
490 vw d(ring)
501 vw d(ring)
549 vw d(ring)
642 vw g(CH)
687 vw g(CH) + d(CC]O) + d(CC-O)
732 mw g(CO) + g(CH)
767 w g(CO) + g(CH)
792 vw g(CO) + g(CH)
945 vw r(CH2)
990 vw v(C–C) + v(C–O)
1032 vw Ring stretching
1172 vw d(CCH) + v(C–C)
1230 sh v(C–O) + v(C–C)
1260 sh v(C–O) + v(C–C) + d(CH2)
1320 m v(C–O) + d(OCC) + d(CH2)
1451 w v(C]C) + d(ring) + d(COH)
1525 w v(C]C)
1614 s v(C]C)
2858 w v(CH)
2900 sh v(CH2)
2940 m v(CH2)
3060 mw v(CH) aromatic
Table 3
Different pharmacological activities of brazilin.
Pharmacological activities Methods/Model system
Antioxidant DPPH radical scavenging assay Sas
Ferric reduction assay Sas
Linoleic acid peroxidation assay Sas
Antibacterial Zone of inhibition Kim
MIC/MBC Xu
Anti-inﬂammatory LPS-induced NO production Sas
Inhibition of iNOS gene expression Sas
Hemeoxygenase-1 expression Hu
Bilirubin production Hu
Prostaglandin E2 production Hu
Tumor necrosis factor-a production Hu
Interlukin (IL)-1b production Hu
Nucler factor (NF- kB) expression Ba
Activator protein-1 expression Ba
COX-2 inhibition Wu
Hypoglycemic activity Modulation of insulin receptor Lee
Blood glucose Yo
Protein Kinase C Kim
Glucose transport Kh
Phosphotidylinositol 3-kinase Kh
Pyruvate kinase Yo
6-phosphofructo-2 kinase Yo
Vasorelaxant NO and cGMP production Xie
Activation of Ca2+/calmodulin Hu
NO synthase Hu
Hepatoprotective Inhibition of CCl4 intoxication Mo
Miscellaneous Luciferase activity Ch
Succinic semialdehyde reductase
activity (anticonvulsant)
Ba
Tyrosinase activity Ch
Melan-a cells proliferation Ch
Glioma U87 cell proliferation Lee
Lipase inhibition Ba
Phospholipase A2 inhibition
(anti-platelet aggregation)
Hw
Nuclease activity Yu
Matrix metalloproteinase inhibition To
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300 mM) also showed dose dependent inhibition of NO,
prostaglandin E2 (PGE2), tumor necrosis factor-a (TNF- a),
interleukin (IL)-1b production and iNOS expression in LPS-
stimulated macrophages. The results suggested brazilin exhibit
anti-inﬂammatory activity in macrophages through the action of
HO-1 induction. In another anti-inﬂammatory study of brazilin
in J774.1 cell line Washiyama et al. reported that brazilin
(IC50 = 3.7 mM) inhibit NO production and suppressed iNOS
expression, however there was almost no inhibition in PGE2
(IC50 > 100 mM) [6]. Brazilin (10–40 mM) suppress the iNOS
gene expression in dose dependent manner by regulating the
LPS-induced transcription factors including nuclear factor-kB
(NF- kB) and activator protein-1 (AP-1) in RAW264.7 macro-
phage [3]. IC50 value of 24.3 mM was observed for inhibition of
NO production in RAW264.7 macrophage. Brazilin contribute
to the dose dependent anti-inﬂammatory activity of ethanolic
CS extract in human macrophages (THP-1) and osteoarthritis
(SW1353) chondrocytes [40].
6.5. Hypoglycemic activity
Type Ⅱ diabetes is characterized by an increase in hepatic
glucose production and insulin resistance. Increased gluconeo-
genesis is the main cause of increased hepatic glucose in diabeticReferences
aki et al.; [15] Batubara et al. [14]
aki et al. [15]
aki et al. [15]
et al.; [33] Srinivasan et al. [32]
and Lee; [5] Batubara et al.; [14] Nirmal & Panichayupakaranant [13]
aki et al.; [15] Hu et al.; [39] Washiyama et al.; [6] Wu et al. [40]
aki et al.; [15] Hu et al.; [39] Washiyama et al.; [6] Bae et al. [3]
et al.; [39] Choi et al. [50]
et al. [39]
et al.; [39] Wang et al. [22]
et al.; [39] Wu et al.; [40] Wang et al. [22]
et al.; [39] Wu et al.; [40] Wang et al. [22]
e et al.; [3] Wang et al.; [22] Toegel et al.; [1] Lee et al. [7]
e et al. [3]
et al.; [40] Wang et al. [22]
et al.; [41] Kim et al. [26]
u et al. [8]
et al. [26]
il et al. [42]
il et al. [9]
u et al. [8]
u et al. [8]
et al.; [11] Hu et al. [10]
et al. [10]
et al. [10]
on et al.; [47] Srilakshami et al. [21]
oi et al. [50]
ek et al. [49]
un et al. [48]
un et al. [48]
et al. [51]
tubara et al. [14]
ang et al. [52]
n et al. [16]
egel et al.; [1] Lee et al. [7]
Table 4
Antibacterial activity of brazilin against various bacteria.
Bacteria MIC
(mg/ml)
References
Actinomyces naeslundii
ATCC 12104
>256 Xu and Lee [5]
Burkholderia cepacia
92.443
64
Burkholderia cepacia
91.452
32
Enterobacter aerogenes >256
Escherichia coli
ATCC 25922
256
Klebsiella pneumonia
ATCC 13883
>256
MRSA 9247922 16
MRSA 595445 16
Prevotella intermedia
ATCC 25611
8
Pseudomonas aeruginosa
ATCC 27853
>256
Salmonella typhimurium
ATCC 13311
64
Staphylococcus aureus
ATCC 6538
16
Staphylococcus epidermidis
ATCC 11490
8
Staphylococcus
epidermidis# 20
64
Streptococcus agalactiae
(Gr. B Strep) A909
8
S. mutans NG8 16
Streptococcus pyogenes
(Gr. A Strep) M1
4
Streptococcus pyogenes M22 4
Vancomycin resistant
enterococci# 22
32
VRE# 228 16
Propionibacterium acnes
ATCC 6919
500 Batubara et al. [14]
Propionibacterium acnes
DMST 14916
15.6 Nirmal &
Panichayupakarnant [13]
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genic intermediate, plays a critical role in hepatic glucose output
by regulating gluconeogenisis and glycolysis in the liver [8]. There
are speciﬁc rate limiting enzymes in the gluconeogeniss and
glycolytic pathways, which regulate the blood glucose levels eg.
pyruvate kinase, protein kinase, protein phosphatase and insulin
receptor serine kinase [26]. The water extract of CS wood was
traditionally used for the treatment of diabetic complications in
South East Asia. Brazilin reported to enhance glucose
metabolism in adipose tissue from diabetic KK mice [41] and
decreases blood glucose in diabetic animals [8]. Hypoglycemic
activity of brazilin was found to be based on the stimulation of
peripheral glucose utilization through modulation of insulin
receptor function [26]. Brazilin inhibit protein kinase C and
insulin receptors serine kinase, which are involved in the
regulation of insulin signal pathway [41]. Brazilin induced
glucose transport in isolated rat epididymal adipocytes [42]. In
their further study of determination of mechanism of brazilin in
glucose transport from isolated rat epididymal adipocytes, Khil
et al. reported that brazilin (50 mM) caused an increase in
glucose transport by recruitment of glucose transporter
(GLUT4) from intracellular pools to the plasma membrane via
the activation of phosphotidylinositol 3-kinase (PI3-kinase), not
by affecting protein synthesis, including GLUT4 synthesis [9].
Moreover, protein kinase C activity was not inﬂuenced bybrazilin treatment. In the investigation of hypoglycemic
mechanism of brazilin on gluconeogensis intermediate
production and gluconeogenic enzyme activity in rat
hepatocytes, You et al. found that brazilin (1–100 mM)
increased the production of F-2,6-BP in hepatocytes, dose
dependently by elevating intracellular level of fructose-6-
phosphate (F-6-P) and hexose-6- phosphate (H-6-P) [8]. Brazilin
also signiﬁcantly increased 6-phosphofructo-2-kinase (PEK-2)
and pyruvate kinase activity in glucagon treated hepatocytes.
Increased pyruvate kinase activity also may play a role in the anti-
gluconeogenic action of brazilin.
6.6. Vasorelaxation activity
NO serves as a major relaxing factor in the circulatory sys-
tem. NO is produce from the oxidation of guanidine nitrogen of
L-arginine via NOS in Ca2+ dependent or independent manner
[43]. Medicinal plants have been shown to relax blood vessels via
endogenous NO production. CS heartwood extract has been
used traditionally in folk medicine to promote blood
circulation and as an emmenagogue. Methanolic extract of CS
heartwood signiﬁcantly relaxed the a1-receptor agonist
phenylephrine-precontracted aortic rings, without affecting
passive tension of these vessels [11]. Isolation and identiﬁcation
of compounds from the methanol extract suggested that brazilin
and hematoxylin may be responsible for the vascular relaxant
effects via endogenous NO and subsequent c GMP formation.
The vasorelaxant activity of brazilin was investigated in
isolated rat aorta and human umbilical vein endothelial cells
[10]. Brazilin and CS crude extract relaxed phenylephirine
induced vasoconstriction and increased cGMP in isolated rat
aorta, which was endothelium dependent. Brazilin dose
dependently induced an increase in NO formation, NOS
activity and the inﬂux of extracellular Ca2+ in human
umbilical vein endothelial cells. The results suggested that
brazilin induces vasorelaxation by activating Ca2+/calmodulin
dependent NO synthesis, which intern inﬂuenced by increasing
intracellular Ca2+ concentration in endothelial blood vessels [10].
6.7. Hepatoprotective activity
Liver injuries induced by CCl4 are the best characterized
system of xenobiotic induced hepatotoxicity and commonly
used for hepatoprotective activities of drugs. The changes
associated with CCl4 induced liver damage are similar to that of
acute viral hepatitis. Hepatic injuries are mostly free radical
mediated, therefore medicinal plant extract having potent anti-
oxidant activity, may show potent hepatoprotective activity.
Plant extract including Phyllanthus nirui Linn. [44], Calendula
ofﬁcinalis L. ﬂower extract [45] and Daucus carota L [46] have
been shown to protect hepatic injuries induced by CCl4 in
rats. The methanolic and aqueous extract of CS heartwood
restored the biochemical levels to normal which were altered
due to CCl4 intoxication in freshly isolated rat hepatocytes and
also in animals [21]. Brazilin from CS heartwood protects
cultured rat hepatocytes from BrCCl3 induced toxicity [47].
6.8. Miscellaneous
Brazilin and CS heartwood extract also been tested for
different biological activities. Brazilin and butanol extract of
sappan heartwood treated with Melan-a cells showed dose
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death might be due to the cell arrest [48]. The decrease in melanin
content and tyrosinase activity was observed in brazilin and CS
butanol extract treated cells with respect to the increasing
concentration. Anticonvulsant activity of brazilin was
determined by using inhibitory activity against two GABA
degradative enzymes namely, succinic semialdehyde
dehydrogenase (SSADH) and succinic semialdehyde reductase
(SSAR). Brazilin inactivated the SSAR activity in a dose
dependent manner, whereas no activity was found against
SSADH [49]. Brazilin induced antioxidant response element,
luciferase activity and heme oxygenase-1 (HO-1) expression in
a dose dependent manner in House Ear Institute-organ of corti 1
(HEI-OC1) cells [50]. Brazilin was found to be more potent than
crude extract and the expression of HO-1 reached a peak at 12 h
after brazilin treatment. The enzyme diminishes the tert-
butylhydroperoxide induced cell death in HEI-OC1 cells. Lee
et al. investigated the effect of brazilin (0–40 mM) on cell pro-
liferation and apoptosis in the glioma U87 cell line [51]. Brazilin
isolated from the methanol extract of the heart wood of CS was
able to inhibit growth of glioma U87 cell by inducing apoptosis
and the induction of apoptosis was associated with the caspase-
related apoptotic pathway. Brazilin showed dose dependent in-
hibition of cell proliferation and induction of apoptosis. There-
fore, effects of brazilin on glioblastoma growth could provide
the potential clinical usefulness of this agent in the treatment of
brain tumors.
Brazilin (IC50 = 6 mM) isolated from CS heartwood from
Indonesia showed higher inhibitory activity against lipase
enzyme as compared to standard (+) catechin (IC50 > 1 750 mM)
and sappanone B (IC50 > 1 650 mM) and protosappanin A
(IC50 = 100 mM) [14]. Moreover, brazilin has been observed to
inhibit platelet aggregation, probably by reducing the activity
of phospholipase A2 and the elevation of intracellular free
calcium concentration [52]. Brazilin form a complex with Cu
(Ⅱ) in the presence as well as the absence of DNA. The Cu
(Ⅱ)-brazilin complex exhibited the nuclease activity for the
pBR322 supercoiled DNA, converting supercoiled forms to
nicked form [16]. As the concentration of both brazilin and Cu
(Ⅱ) increased from 50 to 150 mM, the activity increased.
Ethanolic extract of CS heartwood signiﬁcantly improved
collagen induced arthritis in rats by decreasing the levels of IL-
1b, IL-6, TNF-a and PGE2 in serum and the expression of COX-
2 and transcription factor NF-kB in paw cartilage [22]. In the
study of MMP inhibitory activity of an ethanolic CS extract in
human osteoarthritis (OA) chondrocytes, Toegel et al. reported
that CS signiﬁcantly suppressed IL 1b-mediated up regulation
MMP-13 mRNA and protein levels via interruption of NF-kB
(p65/p50) driven MMP-13 promoter activation [1]. Brazilin (5–
100 mM) inhibits ultraviolet B induced matrix
metalloproteinase (MMP-1/3) expression and secretion in a
dose dependent manner by suppressing NF-kB activation in
human dermal ﬁbroblasts [7]. Brazilin also block UVB induced
reactive oxygen species generation in ﬁbroblasts.
7. Toxicology
CS heartwood extracts have been known as safe natural plant
extract and long been used as food and medicinal ingredient.
The aqueous extract of CS heartwood (5 000 mg/kg, single oral
dose) showed no acute toxicity in terms of general behavior
change, mortality or change in gross appearance of internalorgans. Similarly, subacute toxicity was carried out by the daily
oral administration of the CS extract at the doses of 250, 500 and
1 000 mg/kg body weight for 30 days in rats [2]. The results
showed no abnormalities in all treatments as compared to
control including body and organs weight, haematological,
biochemical and histopathological parameters. CS heartwood
extract did not produce any acute or subacute toxicity in both
male and female rats. Nirmal and Prasad reported that brazilin
and brazilin rich extract was found to be non-toxic against
ﬁbroblast cell up to the concentration of 500 mg/mL, respectively
during 24 h of incubation [53]. Hu et al. reported that brazilin did
not cause cytotoxicity bellow 300 mM in RAW264.7 murine
macrophages during 18 h of incubation [40]. Brazilin did not
alter cell viability of human dermal ﬁbroblast up to 100 mM
during 24 h incubation [7].
8. Future directions
Brazilin and CS heartwood extract could be used in food
preservation and preparation of functional food. Chromato-
graphic technique should be optimizing for the higher puriﬁca-
tion yield of brazilin. As brazilin is the major compound in CS,
there is another possibility to prepare brazilin rich extract by
using simple chromatographic technique, which could be
convenient and low cost. More study of brazilin is needed for the
application in food preservative or coloring agent.
9. Conclusions
CS heartwood extract has been used in oriental folk medicine
in Southeast Asia. CS heartwood is also known for its coloring
properties. Ethanol (95%) is the better solvent to obtained high
extraction yield of CS heartwood. CS extract did not produce
any acute or subacute toxicity in both male and female rats.
Brazilin is the major phytochemical found in the heartwood and
is responsible for most of the pharmacological activities of CS
heartwood. Brazilin shows various biological activities
including antioxidant, antibacterial, anti-inﬂammatory, hypo-
glycemic, hepatoprotective, and vasorelaxation etc. Brazilin has
the potential to develop into a drug and also act as a
nutraceutical.
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